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NOMENCLATURE 


r = radial distance 
R 
M,, M, = moments in radial and tangential direction 


radius of plate 


Oy» G4 = stresses in radial and tangential direction 
€po C4 = Strains in radial and tangential direction 
P s uniform load . 


J: deflection of plate measured from unloaded 
position 


of = deflection of the center of the plate 


(Or)p, (%¢), = radial and tangential bending 
stresses 


(Che> (fm)¢ = radial and tangential normal stresses 
E = Young's modulus 


4= Poisson's ratio 
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Strain and deflection measurements were made 
on a simply supported, eireular sandwich plate 
under a uniform transverse load, and the resulting 
stresses and flexure compared with those of a 
similar theoretical plate. 

The plate used in this investigation was com- 
posed of two thin aluminum alloy face plates and a 
lightened plywood core, fastened together by means 
of transverse rivets extending completely through 
the plate. 

With repect to flexure, the experimental ce 
sults agree well with flat plate theory ak low load- 
ing conditions, and show inereasing departure from 
the theory as the load is inereased. Radial and 
tangential bending stresses show good agreement with 
flat plate theory. For deflection analysis, this 
investigation indicates that flat plate theory will 
always yield conservative results. 

In the construction of this type of plate 
"cherry" rivets possess several advantages over 


ordinary rivets. There is no problem of shank 


A CIRCULAR SANDWICH PLATE, TRANSVERSELY LOADED’ 
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high strength and stiffness, Tight weight, and Smooth 
“aerodynamic surfaces under high stress had 1ea to the 
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study of sandwich plate. construction as a substitute 
for sheet-stringer ‘construction in | airplane ‘Westen. . 
‘A sandwich plate consists of ‘two thin face sheets of 
high-strength’ material separated by a relatively 
thick low-density core. Some materials that have 
been used as core material are balsa wood, hard 

foam rubber, cellulose acetate, sheet metal corru- ! 
gations, and honeyeomb material made of thin sheet 
metal or resin-inpregnated ‘eloth or paper. The face 
gheste may be of metal, plywood , or some other ‘type 


of high-strength material. The core and face sheets 


may be ‘connected by means of rivets or by a bonding 
material ‘such as a phenolic resin, 

The circular plate considered in this analysis 
consisted of thin aluminum alloy face sheets and | 
fir plywood core connected by aluminum rivets ex~ 
tending transversely through the plate. 

The purpose of this investigation was to study 
the behavior of a sandwich plate under relatively 


high transverse load, and to compare the resulting 
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madeiair tight, Uniform transvérse Lon@ing vase 

accomplished by reduding the*aif pregsurée°lh the’ 
stresses anf flexure with those of a similar theo- 
retiess. platesir aspirhter was uged for this pubpose, 
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The plate considered in this analysis is shown 
in Fig. l. Tt was composed of two .025 inch 24 ST 
aluminum Alelad fage sheets seperated by  .25 inch 
fir plywood core which had been lightened by 1 inch. 
holes drilled 1,25 inch from center to center as show 
in Fig, 2,..The feae plates were connected to the 
core by means of 5/52 inch eliminum rivets extend ing 
trensversely through the plete and evenly spaced be- 
tween.the lightening holes as shown in Fig, le 

Fig, 2 shows the test equipment, The test 
plate was supported on a $0 inch digneter ring whieh 
hed been fabricated from e one inch beaded right 
angle aluminum channel. The supporting ring was 
bolted to a 2" thiek steel vase, The system yes 


gp EE ke f waht at 
gathaedee ndorin sumtmis deat 22\a te unser ye exo 
ad boonce ehaeve tne otate ot tysromts ~feoxovenms 

r of watt at moda as nolo antnodigt{ oft aoows 

“feet et? ‘euommtipe feo od? woe S$ yokt 
dotdw git vetemstS dont 68 » no Sodreqere caw ofnic 
A: tite bebned dont ono © noxt beteoiudet mood bad 
sy nate nett deecrerern ad’? .founede amateur 2 efgurs 
ide watlice “dit ested feoda Aeidt °S 6 of bot lod 


Ys 


lt) 


5. 


made air tight, Uniform transverse loading was 
accomplished by reduéing ' the’air® pressure in the ~ 
volume included between the base} ring, and test — 
plate. An air aspirator was°used for this purpose. 
Loading pressure was measured by a mercury manometer. 

on (‘Strains were measured by means of SR-4 electri- 
eal resistance strain gauges, and deflections by 
means of Ames dials. ‘The arrangement of these in-~ 
struments is ‘shown in Figs 3. 

All strain measurements Were made at ‘a load ‘of 

4 #/in®. Deflectiions were measured at’ pressures 


varying from 2.4 to 5 pounds per square inch, 
RESULTS AND DISCUSSION 


-The theory for the bending of an isotropic 
plate, the section transformation of the sandwich 
material, the development of a boundary parameter, 
and application to the subject plate are given in 
Appendix A, |The basic theory assumes’ ideally elas- 
tie, homogeneous, isotropic material and neglects 
any deformation due to shear, and the effect of 
any deformation of the middle surface. 

Fig.:4 shows that at a load of 4 pounds per 
square inch the deflected surface of the experi- 


mental plate has the same form as the theoretical 
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Pate ym ut tha t the amount of deflection is Less. 
AGI Uieenoas as Oye lead inmereaees., Thia 
The application of Olson's” correetion shows close 
Tores enusee a radial tenn 
agreement bervace the experimental and theoretical 
Site Iw the slLatey 
“plates. Fig. 5 a plot of gonies | Sefleetion as a 
fores, watch iv 
fune ion-of toed, shows that at the lower loading 
Pig. 13 elec camses 
donditions” the experinentel deflection, agrees ve 


{4.4.48 leet = Res eg te 
well with Plate theory and ‘that as the load Increases 
tun it waukd be 


the! 'depgrture from theory. also. increases. This "tact 
&l Tores vere not 
j ds else Allustrated in riggs 6,2, and 8. ae 
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two dimensional state of stress in Table TIE Figs. 
mar £3 3 

9 and 10 show the. variation. of radial and tangen- 

tial stresses of the upper and lower plate surfaces 


asa, function of radial distance. These plots show 
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that the experimental stresses of the lower surface 
are higher than. the theoretical stresses; the "upper 
surface stresses, Lower, A resolution of the meas= | 
ured. radial and tangential stresses into radial and 
tangential bending and normal stresses ds shown in , 
Figs. il, 12, 13, and ve Here the “experinéntal’ 
bending | stresses show good agreenent with the thawey. 
The support used in these tests allows rotation 
but prevents displacement in the direction. ‘There 


exists at the support a frictional force F, sketch 
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(a), whieh inereases as the load increases. This 
foree causes a radial ten- 
by sion in the plate. 


| This force, which is 
Support 
the plate deflection to be 
Anco less than it would be if 
po AL 
the axial force were not 
Ltaas 


present. Since no axial 
foree is assumed in the 
theory, this accounts fér 
(v) the difference between the 

experimental and the theoretical deflections. 

The are ab (sketch b) which is located just 
outside of the support ring in the unloaded condition 
Will move over the ring when the plate is loaded. 


& at Support Ring, 


In so doing it will decrease in length an amount 2 , 
and cause a tangential compressive strain, This 
strain decreases as the distance from the plate cen- 
ter decreases, and is zero at the center. (Oy), 
must equal (Oy), at the center, and will decrease 
as © inereases, and finally take on compressive 
values in the region of the support. This behavior 
is shown in Fig. 15. 
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Experimental bending stresses show good agtee- 
ment with plate theory. Deflection measurements , 
show good agreement with theoretical plate deflec- 
tions at low loading conditions. As the load is in- 
ereased the departure from theory becomes more pro- 
nounced; the experimental deflection curve has less 
curvature than the theoretical curve. This is due 
to support friction which produces a radial force 
in the plate, and causes the plate to appear to have 
greater stiffness than it actually possesses. 

It is believed that the subject type of sand- 
Wich construction possesses sufficient potentiality 
as an engineering material to warrant further inves- 
tigation and comparison with other types of plates. 

In view of fabrication experience, the use of 
"Cherry" type rivets is recommended. These rivets 
possess several advantages over ordinary rivets, 
ineluding: (1) the elimination of shank buckling 
and the resultant possibil@ty of using other core 
material, such as balsa wood; (2) the sandwich 
plate may be countersunk on both sides, thus presen- 
ting flush surfaces; (3) the "Cherry" rivet draws 
the material as it is set, thus removing the proba- 
bility of face plate damage during the drawing- 
driving operation of ordinary rivets. 
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TABLE I 


PLATE DEFLECTIONS 
For P s 4 /in2 


Sta 1 2 3 4 5 6 7 
. 28 3% © § & Be 
r, 24%7 35%0 2% 64% nF 
Big e151 2591 «4725 «4798 «26765 «26658 =—.295 
Pa +230 .630 .736 800 


L 2770 2653 302 


Deflection at Center (Po) for Various P 


Run #1 


P 4.0 3.37 3.08 2.64 2.52 2.34 


#) 80 «740 «709 266 2638 606 
Run #2 
P 4.83 4.38 4.0 3.66 3.22 2.88 2.46 2.48 
SK, .908 .85 .80 .757 .730 .702 .678 .650 


Deflectiom at Different Stations for Various P 
0 ; 6 11 
0136 «2541 «62.673 «4737 «6690 =.608 3=.264 
3e - 126 .541 4635 .700 “674 0575 = 2hd 


2.51 " (102 1457 1573 .625 .578 .512 .20 
2.34 " .095 .441 .554 .605 .565 .496 .19 
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Run 
Lead Dist 
1 1" 
2 3/4 
3 1 
4 3/4 
5 a 
6 3/4 
g 3 3/8 
3 3/8 
9 3 3/6 
10 3 3/8 
11 7 1/8 
12 7 te 
13 7 2 
14 71/8 
15 71/8 
16 71/8 
17 10 5/8 
18 10 5/8 
19 10 5/8 
20 10 5/8 
21 14 7/8 
22 14 3/8 
23 14 7/8 
24. 14 3/8 
25 3 
26 ky a 
27 34+" 
28 Ly mee 
29 7 1/8 
30 6 7/8 
31 7 1/8 
32 6 7/8 
33 74 


TABLE ITI 
STRAIN MEASUREMENTS 


i II 
-600 -591 
#1390 #1395 
4L50 #160 
+765 ~-$770 
-280 =26 
#1145 #1153 
-615 -613 
#1335 #1319 
-815 -923 
=300 #289 
#55 +61 
wee) pc 
#885 3Ba2 
=-80 -90 
-270 =269 
see le 
+ r 
+640 4646 
-770 -748 
-470 ~468 
: ie: 
‘ y 
~645 -659 
#1520 #1626 
-4A0 ~ =38 
+1150 41156 
+190 4210 
#420 4432 
=310 &302 
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TABLE II (Cont'd, ) 


+465 462 
-110 -114 
41220 #1214 
-1050 -1047 
+645 2645 
#515 
+612 +662 
-900 -870 
-290 ~286 
#330 330 
=932 -919 
#775 +770 
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Numbers denote strain gauge lead; letters 


denote station. Odd numbers are on top 
(compression) side; even mimbers are on 
the botton (tension) side, excent Nos, 44 
end 46 whieh are on ton, rere 


el ae 2: 

Letters Jjenote strain gauge station. ~— 7 em 
Types of strain gauges: | ine 
AR-1 = Sta. A, C; and B a 


AwS - Sta, E, DT, and k 

A-ll ~ All other stations 
Ames dials were mounted above Ref Axis, 
All radial distances from center, r, are 
given in Tables I and It, 


Strain Gaure and Ames Dial Arrangement 
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26. 
Pawan. Peary 


lending of a Cireular Elats loaded smmetri-~ 
Sally with beapect ke ihe Canter. this develop- 
mont follows that of Timeshenke’, It is assumed 
that the plate is an ideally elastic, homogenous 
and isotrepie solid; thet straight lines normal 
to the neutral surface before bending remain 
straight and normal to that surface after flexure; 
that points on the neutral surface move only ine 
@irection normal te the original plane of the neutral 
surfaee; that deflections are small compared to the 
@imensions of the plate; and that the stresses sre 
a linear function of the distance from the neutral 


surface. 
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The stresses are: 


. ££ & 
C= /se* (6,1 é,) = pes <t4.2) (1) 
re (2) 
, : lsa* (6, +6.) = ee. (2 tye £9 ) 
The moments per unit of width are: 
a 
Meo B+ GZ) (3) 
M,-o( 2+“) 4) 
-,3 
may £4. sz 
1a(1-~4*) ~ =e 


Considering the hat Pa of an element abed, 

The couple acting on ed is, 
er | 

The couple acting on ali is, 

(Mp + mom -= adr) (r + dr) ae 

The W.. 0F on sides ad \ana 


be are M,dr, which in thé 
ie (J Aww radial direction are, 
rte ob, 


\: 


Mydr d@@. If V © shearing 
pl, per unit of length, the shearing couple is, | 


r 4 6. dr. Summing these moments, \ 
pasige (r + dr) d@~= li,rdO - M,dr d64V, cpa 0 
/ uA > 


Negleetine small higher order terms, 


lr +, up po Me+Vp = 0. (5) 
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For a uniform load, P, the load acting at a radius 
r, iswreP, the shearing force per unit of length, 
V, is 


integrating, 
2 
ak $ o.2+ | F Le 
.* a = : 
B= Pro t cif Co/r raf 
16D 2 dr 
or 
Prt Cyr 
= _ ~ 3 4Cyl nr (7) 


For a simple support, 

at r= 0 S is finite, therefore Co = 0 
at re=R, f= 0 and Mr= 0, 
this gives 


J? StH pe _ 2 3th pPo?y vAl (8) 
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and 
To i (3 te) [n2 + 22 | (9) 
Tee ae [oo gpm? ocr 43.) of] (10) 


Equations (8), (9) ami (10) are the equations used 
to compute the theoretical deflections and stresses 
im this problem, 

GESTION Tiare. The method of seetion 
transformation is that given by Miles and Novell®, 

For the core (Pig. 1) the area for a 1.25 in 
this square is, 1.29 + 3.14 x .25 = .78 sq. in. 
average witth is, 28 = .624 x lL ¢ .50 im 
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ORBBCTION BY BRANs OF surpouT 


This parameter is determined by the center de- 
fleeticon and properties ané dimensicns of the plate. 
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The equation of the surface becomes, 
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Then (1) becomes 


30. 


(1) 


(2) 


Pe hy (4x Gen ei) = Bo (1 YWrmaxd) ¢g) 


The bending moments then become, 


. Maa = [2 (sem) bre (rr 0) | 
Mi, ee a? fe (ir gp) - Greg (i+ df 


It can be shown that if, o(( 51, the edge is 
clamped, and, if o = 1 aaa the edge is simply 
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